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Abstract 
CAER-S2 solvent system developed in the Center for Applied Energy Center at the University of Kentucky has the 
advantages of fast CO2 removal rate, high thermal stability, low volatility, and commercial quantity available. Vapor 
liquid equilibrium measurement shows that the solvent has a lower partial pressure than that of MEA at scrubber 
temperatures. Such feature makes the solvent a promising candidate for carbon capture from natural gas-fired flue 
gas which has low CO2 concentration. Mass transfer coefficients of CO2 in the solvent system are tested using a 
wetted-wall column with simulated gases at the scrubber condition. Experimental results indicate that the mass 
transfer coefficient increases with the increasing of temperature over the studied range, which is different from the 
studies on MEA. Such results suggest that the solvent is preferable to be operated at elevated temperature in 
scrubber at which physical mass transfer limitation is minimized without sacrificing too much driving force.  
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1. Introduction 
Aqueous-based CO2 separation is one of the most mature technologies that could be commercialized for post-
combustion CO2 capture in the near term. Such process can take the advantages of fast kinetics of chemical solvents, 
and ease of heat integration. The major obstacle in the development of solvent scrubbing to commercial-scale 
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carbon capture is the high capital and operating cost.  In those cost, it has been indicated that a sizeable portion of 
the cost increase is due to the capital cost of CO2 capture absorber. An advanced solvent that has faster absorption 
rate with low concentration CO2 has the potential to decrease the absorber height and capital cost.  
CAER-S2 solvent developed in the Center for Applied Energy Center at the University of Kentucky was 
identified as a promising solvent for CO2 capture. CAER-S2 is an amine based solvent that has high pKa value 
(>10.5), high thermal stability, and low volatility. In this work, we sought to investigate the thermodynamics and 
mass transfer performance of this solvent system compared to 30 wt% MEA solvent. 
 
Nomenclature 
KG overall mass transfer coefficient 
N  flux 
A gas-liquid contact surface area 
Z compression factor 
R gas constant 
P pressure 
V equilibrium cell volume 
α carbon loading in mole of CO2 per mole of alkalinity 
Superscripts: 
l liquid phase 
v vapor phase 
res CO2 reservoir 
cell equilibrium cell 
inj. CO2 injection 
Subscripts: 
tot total pressure 
sol solvent partial pressure 
l liquid phase 
v vapor phase 
2. Experimental 
2.1. Wetted-Wall Column (WWC)  
An in-house WWC was used to determine the mass transfer coefficients for CAER-S2 solvent. The detailed 
experimental procedure for the WWC was described previously [1, 2]. 
In brief, CAER-S2 solvent is countercurrently in contact with simulated flue gas (3-14 vol% CO2) at operating 
temperatures on a surface with defined area. CO2 concentrations were measured at the inlet and outlet of the WWC 
using a CO2 analyzer (VIA-510, HORIBA, 0.5% precision). CO2 mass transfer flux was calculated from the gas 
molar flow rate and CO2 inlet/outlet concentrations. Overall mass transfer coefficient KG can be obtained from Eq. 
1. 
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2.2. Vapor-Liquid Equilibrium (VLE) 
VLE of CO2 in CAER-S2 solvent was measured by an automated VLE apparatus. In this apparatus, an 
equilibrium cell made with a pressure bottle is maintained at testing temperature using an oil bath, and a CO2 
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reservoir is coupled with the equilibrium cell through a solenoid valve as shown in Figure 1. The volumes of both 
CO2 reservoir and equilibrium cell are precisely measured to ensure an accurate data reduction. The pressures in 
both cells are monitored by pressure transducers (0-350 kPa, 0.03% linearity). Solenoid valves can be electronically 
controlled by an in-house program via a data acquisition/control device to inject CO2 from reservoir to equilibrium 
cell. Pressure data from the two transducers is read and logged continuously via the in-house program.  
 
 
Figure 1. Schematic of small-scale automated VLE apparatus 
In a typical measurement, approximately 1 g of CAER-S2 solvent is charged in the equilibrium cell which is 
evacuated prior to placing in the oil bath. When the system reaches equilibrium, the vapor pressure of solvent (Psol) 
is recorded and a small amount of CO2 gas is then injected into the system from the CO2 reservoir. The pressure 
drop in the CO2 reservoir is used to calculate the number of moles of injected CO2 (ninj) through the equation of state 
which is shown in Eq. 2. 
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The system is allowed to equilibrate until the pressure in equilibrium cell stabilizes. The CO2 vapor pressure in 
the vapor phase can be estimated by subtracting the vapor pressure of solvent from the total vapor pressure in Eq. 3. 
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A complete scan consists of several CO2 injections that cover the whole targeted vapor pressure range. At each 
equilibrium point, the number of CO2 moles in the solvent can be calculated by Eq. 4, and the VLE can be 
represented by CO2 loading (mol CO2/mol alkalinity) as a function of CO2 partial pressure. 
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3. Results 
3.1. CO2 solubility  
VLE behavior was measured for CAER-S2 solvent to study its thermodynamic properties. Figure 2 shows the 
partial pressure of CO2 at equilibrium with CAER-S2 solvent and 30 wt% MEA at 40 °C and 60 °C which are 
within the typical temperature range in a scrubber for post combustion CO2 capture. It can be seen that the 
equilibrium partial pressure of CO2 for CAER-S2 are generally lower than that of 30 wt% at both temperatures 
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partially due to its high pKa. The benefit of low partial pressure is that, with same lean carbon loading and overall 
capture efficiency CAER-S2 solvent will have a higher driving force than MEA at stripper top.  
 
 
Figure 2. CO2 Partial Pressure above CAER-S2 solvent at 40 °C and 60 °C 
3.2. Overall Mass Transfer Coefficient 
Overall mass transfer coefficients were measured for CAER-S2 at temperatures of 25 °C, 40 °C, and 50 °C using 
WWC. The results are fitted with polynomial function and shown in Figure 3. Generally, mass transfer coefficient 
increases with the increasing of temperature over the studied range. Such result is different from the studies on mass 
transfer for MEA which showed that the mass transfer coefficient is independent with temperature [3].  
The difference between the two solvents can be explained by the difference in physical mass transfer limitation 
and viscosity. In case of MEA, the enhancement in kinetics and physical mass transfer resistance from temperature 
increasing is balanced by the decreasing in CO2 physical solubility in the solution (e.g. higher CO2 vapor pressure). 
However, CAER-S2 solvent has a much higher viscosity than MEA as shown in Figure 4 . Our previous study found 
that the physical diffusion resistance takes a large portion in the total resistance for high viscosity solvents [2]. 
Therefore, in case of CAER-S2, the benefit from physical mass transfer resistance reduction dominates the 
counterbalance by the decrease of CO2 solubility when temperature increases. Considering the low equilibrium 
partial pressure of CO2, CAER-S2 is preferable to be operated at elevated temperature in scrubber at which physical 
mass transfer limitation is minimized without sacrificing too much driving force. It also implies that the impact of 
temperature on mass transfer for high viscosity solvents (for example, CAER-S2 solvent) is more significant than 
that of low viscosity solvents (for example, MEA). Such discovery is of interest to the solvent development as it 
provides a guideline for solvent and process optimization.  
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Figure 3. Comparison of CO2 overall mass transfer coefficients (KG) for CAER-S2 at different temperatures 
 
Figure 4. Comparison of viscosity for CAER-S2 at different temperatures and 30 wt% MEA at 40 °C [4] 
4. Conclusion 
CAER-S2 is a promising solvent for CO2 scrubbing from flue gas with low CO2 concentration. Due to its low 
VLE curve and high solution viscosity, it is beneficial to operate the solvent at elevated temperature in scrubber 
compared to MEA. Such feature could greatly reduce the capital and energy cost in flue gas cooling prior to 
scrubber which is necessary for most of the conventional amine based solvents. 
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